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Abstract. 1'he oolltlobve o.:;clllatlOTlF! III plasma mu knO\VH to CUnb\IU wave 
Inode!:l willch m'e longitudlna.l u.ud traUHVl:ll'lie III nu.tUl'H. l'lm wuv(' model:! ill a 
t,W(J cumpunl1llJ, drHtmg plu.f'lI11B With fimt(' f'ulhSlOnt:J; havfI heon 8tlparl1.tad. 
ExproS!jloll8 fur eil"lctJ'il' so,l vnltll')ty no]ul'3 f'ol'reap(mdmg to (118(lt{OJnagll~tic 
nnrl phl.'!.1UfL modes have hflOl1 obta.ineLl Tho 11QmlJbrnun pll:l.tlmu. para.nlt~tt!J'~ 
lLud lInpoiwd pm'1,UI'batlOu8 u.TI' found 1,0 g-ovt'rn the mugmt.ud,"'l of tho olodric 
BUU vHloOliy fields of b(lth the wu,va modsH. ')'hesu llx]lrest:nons help us OMt,nll80tl'" 
tho At,rength ot f'llact,rlc field vecLorb Tho two wave modes are Qffeoted by the 
nmblOllt plasmn. The dispersIOll propol'tJO~ of fllcctromagnetlc und plu.RU1& 
mode!:; ]mve betm afJlllyead. 
1. Introduction 
A lli~hU'h",llCl' pl'lI,lill "d h.v all (lxkl"lIal Huur"" [illlTeut in 01 '·Olll)lI"['K.<ih]" h011l0 
~OlWOUH phl.Hlllt1. ea,ll, In gOIl{,1'a1, plopagaiu in two lllodes, the oIlH~tJrU1nagllOt;jc 
m'J(\" !Lwl tl'.[> phl>lnUl Illude Tn tho hy<il"lldynlL11lw "CJlll1tiou or motIon (Eulor 
O'luIltHlll) iLlld 1Il 1.1,,, Mu.xw"I1", fio"l equatIolI" tho two mod.e~ I1I'Il ,·o\lph,tl. A 
"imp]" touhwquo for ""pan.tlllg th" fiold~ of tll" ()xterlll1l "'lI1r"" "nrt"tlllts into 
two 1ll0l1,," WI!." fOI'JIlulato,l by Samachlar (1!l64.) "lid Choll and CluUlg (1965), 
V"rtUl1 (Ullili) ]Joint."d out wille of th", illemlsi~t.mlcies 111 tho formul>l~ioll lIf Oh"l1 
.LIlt! Chung (HW5) and "xt.UlII1<ld t.h .. il' wo)'k t.!) illrlllli" " IOBSY pl>lKnLtt Bot.h (If 
th,,~o aut horH, IWWlIYlll, eonKJdol"('d the "ttH,· 01 un" compoJlul\t, p!tlSlIla ouly 
Clwn and ChUllg (H\O(;) (>xtendud tlWII· I'fBYlOlIH formulation to lllehlll" ,~ two 
eOlupon['llt 10K")' plU,HDl[L, It m the, pUl'pO"" of HUH enmmUIUcatlOu to fllrmulat." 
1110 ~eehniqu" of II1m\" "eparattolllll tho ,,'18(1 of two eompolllmt. lO.~HY and drIfting 
phlSlUl1. Tho pltt~ma for Mimplieit,), SI~\'(1 WIll h" I1HHllIUl,d to he hOlllOgl'll('(lUH. 
IHotropi .. >Inri "OInpres~ihll' 
2. Theoretical details 
Colt.idm· tho "ase uf a. two "umpOJlllllt p\"'HIUI1 "ollRiHtIng of ellll1trollb and singly 
l'hl11"gBrI iOlls drift,;ng With a volocity "0 "'long x a.xis We will cOllsirlul' the 
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wavo m(J[lUH t,o he propagating in th" tilructiull of the plasma drift" Mo.XWI,lI'~ 
t,url Oqll11tWIlH for a ~t.ationlLl'y pla~ma CIloIl ho writtoll aH (Chlln a.nd Chung 1965, 
196(j) 
vxE = fi'ojwH-Jm 
V X H =J.-jw6oE+noq("c-v.) 
(1) 
(2) 
witCl'e Jm a.mt J. LOprl'Ront tlln magnetIC ami eleot.llc SI'UI ce current" III dorivl1lg 
oquRtiOlIH (1) '>!HI (2) timn variation of tJle tY11c cxp( -,iwt) haH hoen aHAllIucd. 
The drift of the mt ciium ('llO ~ 0), howovor, affocts the ~ccond Maxwell's curl 
eqnatlOn which for 11 nnn-magnet,ie drifting plasma can be w/'ittnll a6 Ga.vrilrnko 
et III (1971) 
(3) 
wl\1ell' 1'0 iH the eqllilthl'ium electron 01' inn dunAity I1nd 11" 7/.e, VI amI v. '~~r" ,_m"l1 
perturbation quantitlea '1 
i A~8umillg the PC'I,tul'hatHln cauKed hy the Wa,VH to 1>0 a,dmhILtie a~l uHing 
the <'quaiion oj' oOllt,inuity foj' the electlOll '1nil lOll enmpOlleTltH nr tho 'pII1HJll'1 
we get, 
Wllt'fl' 
v·V. = jp,fl,!u."rH,. 
V·v, = jplf!,!a·c·ml 
(.J.) 
(5) 
(6) 
Tho oquatIOn of motion for thH Hlo('tl'on aud 1011 t>Olrlpl)11tmt. of Ul!' plrlRma ('all 
ho writton aR 
m.inof!2v.-m.nov.Vi+qlloE I VP. ~ II 
-m,no",ve+m"I·ofl.vl"!-VPi-gnoE ~ () 
fl. ,= v.-:inofl, 
fl. = v,-jn.fl, } 
Equations (7) and (8) are Holvod for VI and v. to get. 
1I!.v.(?~~~f.-:-::_~~)-:::- 1I!Jb(q"!oEj-..J7p.l 
VI = 
wl1('ro 
m.p.(qn.E - VP,) - (qnoE + vp.)miv, 
fl. 
(7) 
(B) 
(!l) 
(10) 
(11) 
(12) 
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T~kil1g cud of "quat,ion (3) ~nd suhstitllting for V >< II, ~nd V X III with tho holp 
of equatIOns (lO) and (Il), We got 
wher~ 
V'H+w'P"'a,H = -V X J,-I-V1V Jm) -Jw •• ,Jm 
l'oJOO 
[\3) 
(14) 
Equa.tjon (13) Ii" a.n iuhomogelloous oqua~lon whose ,"IohliiOll ('!Lll b(l UHcd t,l) dt)tOl'~ 
min" tho electric olld ,,<'loclly fiuhl" 1IJ th" olulitromague!,Jc mode, 
1<'or obf,ainiHg th" ,lcotrlO and veloolt,y fiold •• "~ot:i.t"d with th" e1outro 
IIm).{lwhl' modo wn wrIte 
E c~ Em I E. 
(15) 
V><Ep ~ VAVpl = VXllpr ~~ O. 
llHlllg equiLlioll (3) lngctlHH \l'lth eljuallullH (JO) aJIII (11) Wn g()~, .ft"1 "Ollln 
straight, IOI'\\'Im\ .rl~hm"tw 
(16) 
Hi-loVing detllJ'1Il1110(l Em hom (~quatiun (It)) wo now {lXPI'P,}.lH all'. veluuity fiidrls 
till' t,I\,> oluctromag''''('" modo ill term, of Em 
11m' ,-- (r",v,qu,-·"'I{J,qlt,)Em/fi. 
IIml = q",(m,{J,-mjvj)E .. IP. 
(17) 
(18) 
In order to dotermmo tlw prOSSllr(\ field 10" get Il'om "qu.tioJl~ (3), (7) ~I\d (8) 
V'p.+Kup,+K,,pl = -qnov,},fjoo6, (19) 
V'pd-K"11,+K,,p, = qnov,J./jwe, (20) 
wlLm'(~ 
Ku = l'll,P,jfi,-w'p,]/u,' (21) 
KlI = l w'Pl-m.v,jn,fi,/m,]/u,' (22) 
1('1 = [w'p,-rn'''avdfi,/rn.]/a.' (23) 
The oioctrio and vO!Ol,it.y fioklH for t)\(J l'!GMma 1l10(l.> ~I'O obtailloc] trom oqUiltions 
(24) 
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l'h,' ,,/t:ctJill and VolOC'lt.y fiold~ for th" plasma modo IU" ohta.inod frOlll IJquationR 
(3), (10) anr1 (ll) ~Ild can he WI'ltt,Pll as 
"']Wli 
and 
Ep -- Ql1VP. I Q12V11/+Rn11.+R12PI 
VII' ~ Q"VPd (J22Vpd-R21P.+R2:oP1 
l 
I 
R21 - w"p.nomluo[fm. •• ,./rn,w --Jfla/w I/a/B' 
Ro. ~ w'Pluorlom.r"./jw-m,fJabw'fI/,.J/aj'j{' 
(2,,) 
(2fl) 
(:37) 
(30) 
(31) 
All the i~h"vo (:qIlIlMlll1s l'odlllm til th" l'OI'J'ospondiug oqUa.tiullH Ilf Chll" and 
Chung (1966) Ii We put Uo = 0_ 
3. Discussion and Conclusion 
We hav" separa.tod tho (")U1)I"d ()qul~tiol1s of hydrorlynamieH 1"111 thoso of cl[)eil'O-
magllotie field into two sets uach doscrihmg Just uno modo Frum all anaiYKis 
of "qna~101lH (HI) and (20) w" fintl thut ill a plusma waVe tho "ltmtl'OIlH aIld iom 
aro IIoupl(,d ThIS i8 true eYr'll 11 V J. = 0 ThuH plasma WIW(lS am matlo lip 
of ""nptod 1011 and "lect,roll prc~Huro wavos_ l<'urthor the Ilqua.ti(lnM descl'ibuJg 
th" Il.(:flllst,i(, mode do not. IIontalll t,he lllagnot,w 80UJ'(:0 current teuJI Hhowing that 
tho plasma waVIIH ill an isotropie, r:ompresslhle and dllfting plasma. can lIot be 
generatod by II ma.gnetic source curront. ~'urther if V,J. = 0 wo :find that 
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plasm", modo equo.tious do not iuvolvo torm~ oonta.irung oloctric source cUl'font 
and therefore can bo produced by eJoctric HOtl!'COl curront. only if V J, #. 0, 
Further if the m .. gnotiu sow'co cuncnt i. ZOI'O, \VO find from eqlli\tu)JJ (13) 
(32) 
From oqltatioJl (32) \vo find Ut,.t tho oioctl'omagllotic mod" call stIli be pI'OI\llO'.d 
If V X J, 01- 0 J (t, if J, T !J..rx;, whom rx; is a Realol', 
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